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ABSTRACT

Stereotypies are common in captive animals, but it remains unclear if they are pathological by-products of
captive conditions or if they have an adaptive function. Here, we address this question using crib-biting, a
common type of stereotypic behaviour in domestic horses, thought to result from stressful or frustrating envi-
ronments. Since chronic stress is known to affect learning abilities via dopaminergic modulation in the basal
ganglia, we predicted that stereotypic horses would underperform in learning tasks compared to healthy control
animals, in line with the pathological by-product hypothesis. We exposed 19 crib-biters and 18 control horses in
six spatial tasks, and collected behavioural and physiological data (heart rate, heart rate variability and salivary
cortisol) to assess learning performance and stress levels. We found that, during the learning phase, 10 of 19 crib-
biters showed stereotypic behaviour. Surprisingly, crib-biters that displayed the stereotypic behaviour (Group A)
had lower salivary cortisol values compared to crib-biters that did not display the stereotypic behaviour (Group
B) or control horses (Group C), after the first part of the experiment. In addition, a smaller proportion of horses in
Group A displayed behaviours indicating frustration during one of the test compared to Group B. Moreover, we
found no difference between the three groups in their learning performance nor in their heart rate or heart rate
variability measures. Our results therefore suggest that crib-biting has an adaptive function and can help horses
to reduce stress and frustration during learning tasks, which then enables them to show normal learning

performance.

1. Introduction

Stereotypies in animals have been defined as repetitive, relatively
invariant patterns of behaviour, with no apparent goal or function
(Mason and Latham, 2004). Stereotypies also exist in humans where
they can be either psychologically or environmentally induced and are
often associated with developmental disorders, such as autism, neuro-
logical disorders, obsessive compulsive disorder, Tourette’s syndrome
and severe psychiatric disturbances (e.g. schizophrenia) (McBride and
Parker, 2015). In animals, they can appear as fixed locomotor patterns
(e.g. compulsive digging and looping in gerbils and mice, Mus musculus
(Wiirbel and Stauffacher, 1994)) or fixed oral movements (e.g.

bar-biting and sham-chewing in sows, Sus scrofa, tongue rolling in cows,
Bos Taurus (Sambraus, 1985)). Animal stereotypies appear to be mainly
induced by restricted environments, suboptimal housing conditions or
management problems (McBride and Parker, 2015).

Stereotypies have been reported to result from stressful or frustrating
environments (Luescher et al., 1991; McBride and Parker, 2015). In-
ternal or external stressors normally induce necessary and adaptive
physiological reactions (von Borell, 2001). These reactions help in-
dividuals to cope with a situation and regain homeostasis (or a steady
state). However, stressors can differ qualitatively (physical or psycho-
logical) and quantitatively (chronic, acute, intermittent) (McBride and
Parker, 2015). When stressors, such as unpredictable, repetitive
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situations, are sustained for an extended period, a chronic stress state
can occur (Koolhaas, 2011), which can have deleterious effects on ani-
mals, including the development of stereotypies. Physiologically, two
pathways are activated during a stress response; the hormonal
hypothalamo-pituitary-adrenocortical (HPA) axis and the neural
sympatho-adreno-medullary (SAM) axis. Chronically stressed animals
can develop, for example, an increased or maintained HPA responses to
any novel stressor (Bhatnagar and Vining, 2003).

Following long-term chronic stress exposure, stress hormones can
affect the neurobiological system of stereotypic animals (Cabib and
Puglisi-Allegra, 2012). More specifically, the functioning of the basal
ganglia can be modified through alterations of the dopaminergic system
(Saka et al., 2004; McBride and Hemmings, 2005). This has been notably
described for crib-biter horses, which have been reported to have
structural alterations in the striatum of the basal ganglia, with higher
numbers of dopamine receptors in the ventral striatum and lower
numbers in the dorsomedial striatum, resulting in sensitisation to dopa-
mine release (McBride and Hemmings, 2005). Similar neurophysiolog-
ical differences within the basal ganglia have been identified in
stereotypic mice (Cabib et al., 1998; McBride and Parker, 2015).
Dopaminergic dysfunction is, in turn, thought to have cognitive impli-
cations. For example, an excessive desire for food rewards might occur,
which will have an impact on cognition tests or trigger a lack of flexi-
bility (e.g. perseveration) impacting on learning performances and
predispositions to frustration (Jjichi et al., 2013). In addition, short-term
acute stress can have a negative impact on learning performances and
memory (Valenchon et al., 2013), mediated by HPA-released glucocor-
ticoids and SAM-released catecholamines (Schwabe and Wolf, 2010).

Support for a role of basal ganglia dysfunction in learning has been
shown in autistic people, which show poor abilities to suppress behav-
iours (perseveration), although high stereotypic levels do not always
correlate with higher perseveration (Lopez et al., 2005; Boyd et al.,
2009). In schizophrenic and autist patients, a correlation between
inappropriately repeated responses, “recurrent perseveration”, and the
intensity of the stereotypy was shown in two-choice guessing tasks (Frith
and Done, 1983; Turner, 1997). In animals, stereotypy levels (i.e., the
frequency of stereotypic performance) are also strong predictors of the
latency to extinguish conditioned responses, or of the tendency to
inappropriately repeat responses, which are both considered as indirect
measures of basal ganglia dysfunction in several species, such as bears,
Ursus thibetanus and Helactos malayanus (Vickery and Mason, 2005),
orange-wing amazon parrots, Amazona amazonica (Garner et al., 2003)
and bank voles, Clethrionomys glareolus (Garner and Mason, 2002). This
further suggests a relationship between dopaminergic dysfunction and
lack of cognitive flexibility (Garner and Mason, 2002; McBride and
Parker, 2015). Since the extinction of a learned response that no longer
leads to a desired outcome is a cognitive process that is essential in
response to a changing environment, this implies that stereotypies
should be considered maladaptative (Cooper and Mason, 1998; Valen-
chon et al., 2013).

In domestic horses, oral (crib-biting or windsucking) and locomotor
stereotypies (weaving and box-walking) are the most common repetitive
abnormal behaviours (Mason and Rushen, 2006). For instance,
crib-biting has a prevalence of 2.4-8.4 % (Giuliana and Roberto, 1986;
Luescher et al., 1991; Albright et al., 2009; Munoz et al., 2018). Similar
to stereotypic bears, crib-biting horses persist longer during the extinc-
tion phase of operant learning tasks than controls (Hemmings et al.,
2007; Roberts et al., 2015). Moreover, crib-biters were suggested to be
more prone to habit formation after overtraining (Parker et al., 2008,
2009). Overall, the current consensus is that stereotypies may favour
habit formation and thus a loss in cognitive flexibility (Schwabe and
Wolf, 2011). On the other hand, a recent study failed to show evidence
of learning impairment between crib-biters and control horses in a visual
reversal learning task, which has been considered as an indirect measure
of flexibility of learning and attention (Briefer Freymond et al., 2018).
However, most of these results are based on limited sample sizes (range
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4-10 horses). In addition, locomotor detour tasks, which are generally
used as measures of impulsivity or behavioural/motor inhibition
(Jentsch et al., 2000; Kabadayi et al., 2017), have to our knowledge
never been applied in stereotypic horses. In such tasks, animals need to
inhibit the propensity of directly reaching a reward and instead have to
make a detour (Dallaire et al., 2011; Kabadayi et al., 2017).

In this study, we compared the performance of a relatively large
number (N = 19) of horses displaying stereotypic behaviour (crib-biters)
and a similar number of non-stereotypic control individuals (N = 18) in
frustration-causing spatial learning tasks, i.e., reversal, extinction, and
detour learning. Frustration in learning tasks can occur when previously
learned expectations are no longer met, or when sudden barriers prevent
access to a reward (Psyrdellis et al., 2016). Based on previous results, we
predicted that crib-biters would show a stronger dependency on rewards
and respond differently to the tests due to alterations in the dopami-
nergic system in some parts of the basal ganglia (McBride and Hemmings,
2005; Hemmings et al., 2007; Parker et al., 2008, 2009; Ijichi et al.,
2013; Roberts et al., 2015; Hemmings et al., 2018). Additionally, ac-
cording to previous results (Briefer Freymond et al., 2015), we expected
crib-biters to show higher physiological stress responses during the
experiment than controls, but that executing stereotypic behaviours
would have a beneficial effect on reducing stress and also potentially on
learning capacities.

2. Methods
2.1. Subjects and management conditions

The study was carried out from September 2013 to February 2014 on
19 crib-biters and 18 control horses of various breeds, sexes (mares,
geldings and stallions) and ages (3-24 years old; Table 1), housed in 19
different farms in Switzerland (Table 1). Except for one control, all
horses participated in a previous study aimed at testing the physiological
reaction of crib-biters and non-stereotypic horses in a standard ACTH
challenge test (Briefer Freymond et al., 2015). Twenty-six horses were
privately owned and 11 belonged to the Swiss National Stud Farm
(https://www.agroscope.admin.ch/agroscope/en/home/about-us/snsf.
html). All subjects had lived on their premises for at least one year prior
to testing. To qualify as a crib-biter, a subject had to have shown
crib-biting behaviour for a minimum of one year, according to its owner.
Controls were horses that had never been observed crib-biting or
showing other stereotypies (i.e. weaving, box walking, head tossing
nodding (Lesimple and Hausberger, 2014)). This grouping was verified
in a first study (Briefer Freymond et al., 2015) and further confirmed
during this study (i.e. crib-biters were all observed crib biting at some
point before or during our tests, while control horses were never seen
displaying any stereotypy). We matched each crib-biting horse with a
control horse of similar breed, sex and age, housed in similar conditions
and if possible on the same farm (Table 1). Housing was either as in-
dividuals or in groups, in single boxes or paddocks, depending on the
farm (Table 1). Routine care was provided by the owners. The study was
approved by the Swiss Federal Veterinary Office (approval number VD
2677 bis; Switzerland). The owners of the horses were provided with a
detailed written description of the experiment to be conducted and
agreed to the research being carried out on their animals.

2.2. Experimental procedure

The first part of this experiment, aimed at characterising the per-
sonality of crib-biters, is described in another paper (Briefer Freymond
et al., 2019).

During each test day, one horse (9 farms) or two horses (7 farms) per
farm (one crib-biter and one control; Table 1) were successively tested at
around 11am. Before starting the tests, a wireless heart-rate monitor was
fixed to a surcingle strapped around the subject’s heart girth, and a
saliva sample was taken in the home pen. The experimental procedure,
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Table 1

Characteristics of the horses used in the experiment. Sex (M = mare; G =
gelding, S = stallion), group (CB = crib-biters; C = controls; A = crib-biters that
did crib-bite; B = crib-biters that did not crib-bite), part 1 and 2 of the learning
tests, age, breed (FM = Franches-Montagnes; ET = English Thoroughbred), and
farm (each letter refers to a given farm). Group ABC indicates which sub-group
the horses were part of (Group A corresponds to the crib-biters that crib-bit
during part 1 and/or during part 2 of the learning test, Group B to the crib-
biters that did not crib-bite during part 1 and/or during part 2 of the learning
test, and Group C to the controls) during part 1 and part 2 of the experiment.

Horses  Sex  Group Group ABC Age Breed Place
CB-C part 1 /part 2 (years)

1 M CB B-B 6 Swiss c
Warmblood

2 M CB B-A 22 Criollo g

3 M CB A-A 16 FM y

4 M CB A-A 9 Hispano- b
Arabian

5 M CB B-B 5 Quarter Horse s

6 M CB A-A 9 Paint Horse r

7 M CB A-A 5 Paint Horse k

8 G CB A-B 9 FM d

9 G CB A-B 11 Swiss g
Warmblood

10 G CB B-A 23 FM n

11 G CB A-A 11 FM bo

12 S CB B-B 17 FM h

13 S CB B-B 15 FM h

14 M CB A-A 5 FM m

15 G CB B-A 19 Haflinger se

16 G CB A-A 18 Swiss a
Warmblood

17 G CB B-A 7 Unknown v
origin

18 G CB A-A 10 ET d

19 S CB B-B 11 FM h

20 M C C 7 Quarter Horse s

21 M C C 20 FM y

22 M C C 14 Swiss h
Warmblood

23 M C C 18 Camargue b

24 M 14 Swiss h
Warmblood

25 M C C 16 Trotter h

26 M C C 18 FM h

27 M C C 10 Swiss g
Warmblood

28 G 4 Friso-Arabian n

29 G C C 24 Unknown v
origin

30 G C C 22 ET d

31 G C C 7 Quarter Horse  k

32 G C C 6 FM di

33 G C C FM d

34 G C C 15 Swiss h
Warmblood

35 G C C 11 Swiss h
Warmblood

36 S C C 17 FM h

37 S C C 7 FM h

based on preliminary tests performed with 20 pilot horses (different
horses as those used in this study), was as follows: the subject was led
from its home pen to an 8 x 10 m familiar test arena for a 15 min
habituation period to the experimental material before being subjected
to six learning tests (Figs. 1 and 2). A daily session began with three
spatial learning tests (part 1, Fig. 2), performed successively over a
period of 60—70 min (along with a habituation phase and personality
tests that are described in another paper (Briefer Freymond et al.,
2019)). After this first part, the subject was returned to its home pen for
a second saliva sample and a pause of 60—70 min. At the end of the
pause, the three remaining spatial learning tests (part 2, Fig. 2) were
performed for a duration of 10—15 min before it was led back to its
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home pen for a third saliva sample. Tests were always conducted in the
same order. At the beginning of each trial, experimenter 1 led the subject
to the start, said “top”, and released the horse from its lead. All the tests
were video recorded with a camera (Sony Handycam HDR-CX700) by a
second experimenter situated outside the arena.

2.2.1. Test 1: place learning

Test 1 was performed in order to teach the horses to associate a food
reward (horse commercial concentrate) with a bucket and as require-
ment for the next test (Test 2). It consisted of a fixed number of eight
trials, during which a subject could learn that the food was always sit-
uated in a bucket placed on one side of the arena. To this end, a solid
fence was placed in the middle of the arena in order to divide it into two
equal parts. Then, two identical buckets, one empty and one filled with
grain (Hypona 788—2), were randomly assigned across subjects to each
side of the fence (Fig. 2). Experimenter 1 positioned the horse in front of
the fence before releasing it alternatively either to her left or right side.
The horse was then allowed to explore the arena for up to three minutes
to find the baited bucket. If it did so within a maximum of three minutes,
it was allowed to take a few bite of grain; otherwise it was returned to
the starting position by the experimenter for the next trial without
eating. During each trial, experimenter 2 recorded through direct
observation the time required to find the baited bucket, the side of the
fence selected by the horse after leaving the start zone, and whether or
not it inspected the empty bucket. We predicted that both groups would
quickly learn, as shown by a decrease in the time needed to go to the
baited bucket (Parker et al., 2009).

2.2.2. Test 2: reversal learning

Test 2 was performed to obtain a general measure of cognitive
flexibility for both groups (crib-biters and controls) (Izquierdo et al.,
2017; McBride et al., 2017). It consisted of a fixed number of eight trials,
during which the horses could learn that the food was no longer avail-
able in the bucket situated on the previously assigned side, but instead
on the opposite side (Fig. 2). The experimental procedure and data
collection were the same as in Test 1. Crib-biters, due to their potential
propensity for habit formation, were expected to perform poorly in this
test compared to non-stereotypic horses (Hemmings et al., 2007; Parker
et al., 2008, 2009; Ijichi et al., 2013; Roberts et al., 2015). Therefore, we
expected them to go more often to investigate the empty bucket.

2.2.3. Test 3: detour learning

In order to compare the tolerance to frustration and stress sensitivity
of crib-biters and control horses, the horses were tested in a detour task.
This third test, also called continuously visible goal detours, consisted of a
fixed number of five trials, during which a subject could learn that it had
to move around a fence to reach a bucket with food (Wolff and Haus-
berger, 1996; Kabadayi et al., 2017). The bucket was placed at one metre
from the fence, on the opposite side from which the horse was released,
which was randomly assigned across subjects (Fig. 2). Experimenter 1
positioned the horse at one metre perpendicular to the fence before
releasing it alternatively from her left or right side. The horse was then
allowed to explore the arena for up to three minutes. If it reached the
bucket within this timeframe, it was allowed to take a few bite of grain
before being returned to the start position for the next trial; otherwise it
was directly returned to the starting position without eating. Experi-
menter 2 scored the time required to reach the bucket through direct
observation. We predicted that crib-biters would have more difficulties
in performing this detour task compared to non-stereotypic horses, due
to their lower tolerance to frustration and increased stress sensitivity.
We thus predicted that they would take more time on average to go
around the fence in order to reach the baited bucket (Ijichi et al., 2013;
Briefer Freymond et al., 2015).

2.2.4. Test 4: food motivation
Test 4 was performed in order to assess if one group (crib-biters or
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Fig. 1. Experimental procedure for the learning tests. The black dotted lines indicate the time at which each period started and ended. The learning tests are
indicated with number (1-6). “Saliva” indicates when the saliva samples for the cortisol measurements were collected (1-3). Video and ECG traces were recorded
continuously. Learning tests were performed between two sets of personality tests, which are described in another paper (Briefer Freymond et al., 2019).

controls) was more motivated to eat than the other group. This test
consisted of a fixed number of three trials, during which subjects had to
learn that one bucket containing food was situated at the end of a
corridor (established by a fence placed in the arena; Fig. 2). After being
released by experimenter 1 (alternatively from her left or right side), the
horse was allowed to explore the arena for three minutes. If it reached
the bucket within this timeframe, it was allowed to take a few bite of
grain before being returned to the start position for the next trial;
otherwise it was directly returned to the starting position without
eating. Across trials, we scored the time to reach the bucket through
direct observation. We predicted that the food motivation of both group
would be high and that they would thus learn quickly, resulting in a
short time to go to the baited bucket (Parker et al., 2009; Jjichi et al.,
2013).

2.2.5. Test 5: distractibility

Test 5 was developed in order to compare the distractibility of crib-
biters and control horses. This test was a continuation of Test 4 and
consisted of one single trial, during which subjects had to reach the
baited food bucket. However, this time, a piece of wood was placed on
one side of the corridor (Fig. 2). After being released, the subject was
allowed 30 s to explore the arena. Experimenter 2 recorded through
direct observation the time the horse took to reach the bucket and if it
looked at or touched the piece of wood, as a measure of distractibility.
We predicted that crib-biters would show limited exploration of the
object, i.e. devote less attention to the piece of wood than control in-
dividuals, as shown in Parker et al. (2009) and in Ijichi et al. (2013).

2.2.6. Test 6: extinction

Test 6 consisted in an extinction task, aimed at comparing the
perseverance of crib-biters and controls. This test consisted of a fixed
number of eight trials, during which subjects could learn that there was
no more food in the bucket situated at the end of the corridor. After
being released alternatively from experimenter 1’s left or right side,
subjects were allowed to explore the arena for 30 s, before being
returned to the start for the next trial. Experimenter 2 recorded through
direct observations the time during which subjects waited at the
entrance of the corridor, and whether or not subjects went to look into
the bucket. We predicted that crib-biters would show more perseverance
by visiting the empty bucket more often and for longer than controls,
due to their potentially stonger propensity to form habits and their
stronger dependency on rewards, and would thus show less propensity
to wait at the entrance of the corridor (Hemmings et al., 2007; Ijichi
et al., 2013; Roberts et al., 2015).

2.3. Response measures

2.3.1. Behaviours (scored through direct observation)

In addition to the behaviours scored through direct observation and
described above for each test (summarised in Table 3), experimenter 2
noted on the spot all occurrences of stereotypic behaviour seen during
the tests (crib-biting, windsucking) (Table 2). Crib-biting occurrences
were then verified by an independent observer, blind to the groups,
based on the videos of all the horses. Crib-biting was defined as a subject
grasping the solid fence with its incisors, pulling back, contracting the
neck muscles and drawing air into its oesophagus with an audible grunt
(McGreevy et al., 1995). Windsucking was defined in the same way, but
without grasping an object (McGreevy et al., 1995).

2.3.2. Behaviours (scored from the videos)

The tests that could potentially induce frustration (Test 1, 2, 3 and 6),
due to the fact that previously learned expectations are no longer met or
that sudden barriers prevent access to a reward (Psyrdellis et al., 2016),
were video recorded for further behavioural analyses (Fig. 1). The be-
haviours indicating ‘frustration’ and ‘attentive state’ (see description in
Tables 3,4,5) were scored using the software The Observer XT v.11
(Noldus) as “State Events”, by an observer who was blind to the groups
(crib-biters or controls). For each behaviour, its duration relative to the
total recording time was calculated. Frustration and attentive states are
known to be indicators of stress (Valenchon et al., 2013; Psyrdellis et al.,
2016).

2.3.3. Physiological measures

We assessed the activity of the hypothalamic-pituitary-adrenal stress
pathway (HPA) by collecting salivary cortisol at three time points during
the experiment (Fig. 1). Saliva was collected with Salivette cotton rolls
placed loosely onto the tongue of the horse for one minute using forceps.
At the end of the test, the Salivettes were centrifuged for six minutes at
5000 rpm with a Hettich EBA 20 centrifuge. Samples were stored at —20
°C before being sent for analyses (Salimetrics, USA). Concentrations of
cortisol were determined with the Salimetrics® High Sensitivity Salivary
Cortisol Enzyme Immunoassay kit, a direct enzyme immunoassay
without extraction that has been validated for equine saliva (Schmidt
et al., 2010).

Concerning the sympathomedullary stress pathway (SAM) axis, we
assessed two physiological measures, the heart rate (HR) and the root
mean square of successive inter-beat interval differences (RMSSD) (von
Borell et al., 2007). The ECG trace was collected continuously using a
wireless, non-invasive monitor (MLE120X Bioharness Telemetry Sys-
tem, Zephyr) fixed to a surcingle placed around the horse’s heart girth,
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Table 2

Crib-biting events per horse in the different learning tests. The number of the
horses corresponds to those shown in Table 1. The two last rows indicate the sum
of the crib-biting events per test (“CBnb”) for all the crib-biters, and the number
of horses per test that crib-bit (“Nb”).
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test started (Fig. 1). We then extracted HR and RMSSD from
good-quality sections with clearly visible heartbeats on the ECG trace.
Due to the different duration of the tests, when possible, we selected five
short selections of about 10 s each for Tests 1-3 and 6, three periods of 10
s for Test 4 and one period of 10 s for Test 5 (Reefmann et al., 2009;

Crib-biters Test1 Test2 Test 3 Test 4 Test 5 Test 6 Briefer et al., 2015). These short selections allowed us to identify even
1 0 0 0 0 0 0 short-term changes in physiology linked to each test, as these measures
2 0 0 0 0 0 1 rapidly return to baseline after transient perturbations (von Borell et al.,
3 1 0 0 0 0 8 2007). We checked visually that the software tracked the heartbeats
g g g (1)28 g g 23 properly and extracted HR and inter-heartbeat (RR) intervals (in ms). RR
6 12 0 1 0 0 9 intervals were then used to calculate RMSSD (ms). If atrioventricular
7 0 0 11 0 0 11 blocks were observed in the signal, we excluded the respective sections
8 0 2 0 0 0 0 of the ECG trace (Schmidt et al., 2010). For one crib-biter and one
9 0 2 0 0 0 0 control, we were unable to obtain HR and RMSSD data due to the bad
10 0 0 0 0 0 7 . .

1 o 5 6 o 0 7 quality of the signal.

12 0 0 0 0 0 0

13 0 0 0 0 0 0

14 2 1 0 0 0 2 2.4. Statistical analysis

15 0 0 0 0 0 2

16 9 11 0 0 0 1 2.4.1. Learning progress

g g g g g (1) 20 To assess if horses improved their performance throughout the
19 0 0 0 0 0 0 different trials in the learning tests (Test 1—4 and 6), we compared the
CBnb 24 18 153 3 5 126 time taken by the horses to reach the bucket filled with grain (Test 1—4),
Nb 4 5 5 1 2 12 or the time they spent waiting in front of the corridor (Test 6), during the

which produces more reliable heart-rate (HR) measures compared to
alternative methods (Parker et al., 2010). The data were transmitted in
real time during the tests to a laptop using LabChart software v.7.2
(ADInstrument) for later analyses. This allowed us to enter comments
into the software during the experiment to indicate when each learning

first and the last trial of each test (“Time”), using linear mixed-effects
models (LMM; lmer function, lme4 library). These LMMs included
“Time” as a response variable. The fixed and control factors are listed
and described in Tables 3 to 4 . To control for repeated measurements of
the same subjects, the identity of the horses nested within the farms
where they were housed was included as a random factor. We also
investigated if the horses went less to look into the empty bucket over

p: proportion; n: number; s : second, b: binary; c: category; a: average

Table 3
Abbreviations of the behavioural measures collected during the different tests and of the other parameters and factors used in the different analyses.
Abbreviations Definition Test
Behaviours scored through
direct observation
“Time” (s) Time to go to the bucket filled with grain Tests 1—-5
Time spent waiting in front of the corridor Test 6
“CBnb” (n) Number of crib-biting events per test Tests 1—6
“Side” (b) Side of the fence the horse takes to go to the bucket, i.e. left or right Tests 1—-2
“Bucket” (b) Looking or not into the empty bucket Tests 1-2,
6
“Touch” (b) Touching or not the piece of wood Test 5
“Wood” (b) Looking or not at the piece of wood Test 5
Behaviours scored from
the videos
“Frustr” (p) Pushing the solid fence with the nose or the body, turning the empty bucket over with the nose or foreleg, shaking the head Test 1
Scratching the ground with the foreleg, pushing the solid fence with the nose or the body, turning the empty bucket over with the nose or ~ Test 2
foreleg
Scratching the ground with the foreleg, pushing the fence with the nose or the body Test 3
Scratching the ground with the foreleg, turning the empty bucket over with the leg or the nose Test 6
“Att” (p) Standing attentive, without moving, with the head and neck up and the ears pointing forward Tests 13,
6
Other parameters
Group (“CB” or “C”) (c) Crib-biting and control group Tests 1—6
Group (“A”, “B”,“C”) (¢) A = Crib-biting individuals that showed crib-biting during a test; B = Crib-biting individuals that did not show crib-biting during a test Tests 1—6
“Trial” (n) Trial number for each test. 1-8 for Tests 1, 2 and 6; 1-5, for Test 3; 1-3, for Test 4 Tests 1—4,
6
“Sideb” (b) Side of the bucket that contained food, i.e. left or right Tests 1—-2
“HR”(a) Heart rate, average value per test Tests 1—6
“RMSSD” (a) Root mean square of successive inter-beat interval differences, average value per test Tests 1—6
“Part” (c) Part 1 Tests 1-3
Part 2 Tests 4—6
“Testnb” (n) Test order: 1-7 for Part 1, including personality tests (1—4) analysed in another study (Briefer Freymond et al., 2019) Test 1-3
Test order: 8-12 for Part 2, including personality tests (11—12) analysed in another study (Briefer Freymond et al., 2019) Test 4—6
“Hour” (n) Hour at which a saliva sample was collected for cortisol analyse
“Base” (n) Cortisol value measured from the first saliva sample collected before the tests, i.e. baseline for cortisol analyses
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Table 4

Fixed and control factors included in the models used to analyse the behaviours
scored through direct observation and the learning progess. The abbreviations
are described in Table 3. The crosses indicate which factors or interaction be-
tween factors (‘*’) were used in the models to investigate the variation observed
in the behavioural measures. The response variable was Time for Test 1-6, Wood
and Touch for Test 5 and Bucket for Test 2 and 6. In this Table, Group is used for
Group CB-C or. ABC.

Factors Test Test Test Test Test Test
1 2 3 4 5 6
Group X X X X X X
Trial X X X X
Fixed Trial * E}roup X X X X X
Bucket *
Group X X X
Trial * Bucket — x X X
CBnb X X X X X X
Age X X X X X X
Sex X X X X X
Control  Side X X
Arena X X X X X X
Sideb X X
Bucket X X X
Table 5

Fixed and control factors included in the models used to analyse the physio-
logical measures. The abbreviations are described in Table 3. The crosses indi-
cate which factors or interactions between factors (“*’) were used in the models
investigating the variation observed in the physiological parameters (response
variable: Cort, HR, RMSSD). In this Table, Group is used for Group CB-C or. ABC.

Factors Cort HR RMSSD
Group X X X
Fixed Part * Group X
Testnb * Group X X
Part X
Base X
Sex X X X
Control Age X X X
Testnb X X
Hour X
CBnb X X

trials for Test 2 and Test 6 (see 2.4.2).
2.4.2. Differences between crib-biters and controls

2.4.2.1. Behaviours scored through direct observation. To compare the
behaviour of crib-biters (“CB”) and controls (“C”) during the learning
tests, we investigated group differences in the time needed to reach the
bucket (Tests 1—4) or in the time spent waiting in front of the corridor
(Test 6) (“Time”) using linear mixed-effects models (LMM; Imer func-
tion) and generalised linear mixed models (GLMM; glmer function; lme4
library; multcomp library (Pinheiro and Bates, 2000) in R 3.0.2
(Table 4)). We also investigated group differences in looking or not at
the empty bucket (“Bucket™) (Tests 2, 6), in looking or not at the piece of
wood (“Wood”) and in touching or not the piece of wood (“Touch”) (Test
5) (binary responses) using GLMMs (Tables 3 and 4). The LMMs
included “Time” as a response variable (Test 1, 2, 3, 5). The GLMMs
included “Time” transformed as a binary variable (Tests 4), “Bucket”
(Tests 2, 6), “Wood” or “Touch” (Test 5) as a response variable (one
model per variable) (Tables 3 and 4). The fixed, control factors and
interaction terms included in all models are listed and described in Ta-
bles 3,4. To control for repeated measurements of the same subjects, the
identity of the horses nested within the farms where they were housed
was included as a random factor. For Test 5, only Farms were included as
a random factor, as there was only one value for each horse. All
parameter abbreviations are defined and summarised in Table 3.
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Over all six learning tests, 14 of 19 crib-biters displayed stereotypic
behaviour at least once (Tables 1 and 2). We therefore then reran the
LMMs and GLMMs described above to compare, this time, crib-biters
that did (“A”) and did not (“B”) show stereotypic behaviour in each
test (Tables 1 and 2) and control subjects (“C”).

2.4.2.2. Behaviours scored from the videos. Two response variables were
analysed (Test 1, 2, 3 and 6); frustration (“Frustr”) and attentive state
(“Att”), using either LMM or GLMM depending on the transformation
needed (Tables 3 and 4). The group (Group CB-C or Group ABC; Tables 3
and 4) was considered as a fixed factor. The other control parameters are
listed and defined in Tables 3 and 4. Farm was added as a random factor.

2.4.2.3. Physiological measures. To compare the physiology of crib-
biters and controls during the learning tests, we used LMMs, including
as a response variable (3 separate models) the actual saliva cortisol value
(“Cort™), or the average HR or RMSSD value for each learning test
(hereafter “HR” and “RMSSD”, respectively; Tables 3 and 5). The group
(Group CB-C or Group ABC; Tables 3 and 5) was considered as a fixed
parameter. For the cortisol analyses, horses were included in Group A
(crib-biters that did crib-bite) when they did crib-bite in the corre-
sponding part of the experiment where the cortisol was measured. For
HR and RMSSD, because we calculated an average HR and RMSSD value
for each test, crib-biters were included in Group A as soon as they started
to crib-bite in the corresponding part. The fixed, control factors and
interaction terms are listed in Tables 3 and 5. To control for repeated
measurements of the same subjects, the identity of the horses nested
within their respective farms was included as a random factor. In
addition, for HR and RMSSD, the part (Part 1 or 2; Table3) was included
as a crossed random factor.

For all models, the residuals were checked graphically for normal
distribution and homoscedasticity. To satisfy model assumptions, we
used a log transformation for “Time” in Test 6, for “RMSSD”, and for
“Att” in Test 1, and a square-root transformation for “Att” in Test 2 and
Test 6 and for “Frustr” in Test 6 (see Table 3 for abbreviations). “HR” and
“Time” in Test 2 were cube-root transformed. Finally, “Time” in Test 1
and 3, which did not meet statistical assumption despite log, square-root
or cube-root transformation, was split in six categories of equal duration
(i.e., 1: 1-30 s, 2: 31-60 s, 3: 61-90 s, 4: 91-120 s, 5: 121-150 s, 6:
151-180 s). All the resulting parameters satisfying model assumptions
were then input into linear mixed-effects models (Imer function). Some
parameters did not meet the statistical assumptions despite trans-
formation. They were thus transformed to binomial data as follows;
value equal or higher than median = 1, and value lower than median =
0. This was the case for “Time” in Test 4, for “Frustr” in Test 2 and 3 and
for “Att” in Test 3. The parameters scored as binomial (Bucket, Wood,
Touch), as well as parameters transformed to binomial data, were input
into GLMM fit with binomial family distribution and logit link function
(glmer function).

For both the LMMs and GLMMs, we used a standard model simpli-
fication procedure by removing each non-significant term, until the
deletion caused a reduction in goodness of fit (at which point, the term
was left in the model). P-values were calculated based on Satterthwaite’s
approximations (anova function, lmerTest package in R). The signifi-
cance level of the factors was set at o« = 0.05 for all models.

For all the models, when significant interaction effects between fixed
and/or control factors were found and when Group ABC had a signifi-
cant effect, further post-hoc analysis were carried out using LMMs and
GLMMs. In these cases, a Bonferroni correction was applied. Only the
result of the fixed factors of interest (and not of the control factors) are
mentioned in the results.

3. Results

One control horse was not motivated by rewards and did not perform
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any of the learning tests. It was therefore removed from the analyses.
The sample size is thus eventually of N = 19 crib-biters and 17 control.

3.1. Learning progress

For each test, there was a significant difference between the first and
the last trial of the test in the time required to go to the bucket (Test
1-4), or in the time spent waiting in front of the corridor (Test 6)
(“Time”; LMMs: effect of Trial on Time; p < 0.04 for all; for Test 1—4,
slope estimate range: —-8.32 to -0.16; for Test 6: slope estimate + SD =
0.40 + 0.03). Therefore, all horses improved their performances
throughout the trials as shown by a decrease in time between the first
and the last trial for Tests 1—4, and an increase in the time spent waiting
in front of the fence for Test 6. In both Test 1 and Test 6, for all the horses,
their likeliness to go look at the empty bucket (“Bucket”) decreased with
Trial (GLMM: effect of Bucket on Trial, X? = 48.11, p < 0.0001; slope
estimate & SD: -0.53 & 0.09, in Test 1 and GLMM: effect of Bucket on
Trial, X? = 62.44, p < 0.0001; slope estimate + SD: -0.49 & 0.07, in Test
6), indicating that horses improved their performance over the trials, as
shown by a decrease in their propensity to go look at the empty bucket.

3.2. Differences between crib-biters and controls

3.2.1. Behaviours scored through direct observation

In the place learning test (Test 1), there was no difference between
crib-biters (“CB”) and controls (“C) in the time taken to go to the bucket
containing grains (“Time”) (LMM: effect of Group CB-C on Time, Xf =
0.74, p = 0.39). However, there was an effect on Time of the interaction
between Group ABC (“A”, crib-biters that did crib-bite in Part 1; “B”,
crib-biters that did not crib-bite in Part 1; and “C”, controls; Table 2) and
the corresponding trial (“Trial”; LMM: interaction effect between Groups
ABC and Trial on Time, X3 = 13.45, p = 0.001), as well as of the
interaction between Group ABC and if the horses went to look at the
empty bucket or not (“Bucket”) (LMM: interaction effect between Group
ABC and Bucket on Time, X2 = 12.68, p = 0.002). However, post-hoc
analyses per Trial and Bucket did not show further significant differ-
ences between groups (LMMs: p = 1.00 for all).

In the reversal learning test (Test 2), there was no effect of Group CB-C,
and of Group ABC, on Time (LMM: effect of Group CB-C on Time, X% =
1.36, p = 0.24; LMM: effect of Group ABC on Time, X2 = 1.52, p = 0.47).
Because the side where the bucket containing food and the empty bucket
was situated was exchanged between Test 1 and Test 2 (Fig. 2), we also
analysed if there was a difference between groups in Bucket. This effect
was not significant neither for Group CB-C, nor for Group ABC (GLMM:
effect of Group CB-C on Bucket, X2 = 0.0012, p = 0.97; effect of Group
ABC on Bucket, X% = 1.06, p = 0.59).

In the detour learning test (Test 3), there was an effect on Time of the
interaction between Group CB-C and Trial (LMM: interaction effect be-
tween Group CB-C and Trial on Time, Xf =4.05, p = 0.04), as well as of
the interaction between Group ABC and Trial (LMM: interaction effect
between Group ABC and Trial on Time, X2 = 13.45, p = 0.001). How-
ever, further post-hoc analyses per Trial did not show any significant
effect of the factor Group on Time, and post-hoc analyses per Group did
not show any significant effect of Trial on Time (LMMs: p > 0.31 for all).

In the food motivation test (Test 4), there was an effect on Time of the
interaction between Group CB-C and Trial (GLMM: interaction effect
between Group CB-C and Trial on Time, X? = 6.96, p = 0.008), as well as
of the interaction between Group ABC and Trial (GLMM: interaction
effect between Group ABC and Trial on Time, X§ = 7.15, p = 0.03).
However, further post-hoc analyses per Trial did not show any signifi-
cant effect of the factor Group on Time, and post-hoc analyses per Group
did not reveal any significant effect of Trial on Time (GLMMs: p > 0.07
for all).

In the distractibility test (Test 5), there was no effect of Group CB-C,
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and of Group ABC, on either looking at the piece of wood or not
(“Wood”) or on touching the piece of wood or not (“Touch”) (GLMM:
effect of Group CB-C on Wood, X? = 46.461, p = 0.08; effect of Group
CB-C on Touch, X? = 0.07, p = 0.80; effect of Group ABC on Wood, X3 =
46.03, p = 0.13; effect of Group ABC on Touch, X2 = 0.43, p = 0.80).

In the extinction test (Test 6), there was no effect of Group CB-C, and
of Group ABC, on Time (LMM: effect of Group CB-C on Time, Xf =0.22,
p = 0.64; effect of Group ABC on Time, X2 = 3.37 p = 0.19). Because in
this test, the bucket previously containing food had been replaced by an
empty bucket, we also analysed if there was a difference between groups
in Bucket. There was no effect of Group CB-C, nor of Group ABC on
Bucket (GLMM: effect of Group CB-C on Bucket, X% = 0.36, p = 0.55;
effect of Group ABC on Bucket, X3 = 2.27, p = 0.32).

3.2.2. Behaviours scored from the videos

In the place learning test (Test 1), there was no effect of either Group
CB-C or Group ABC on frustration behaviours (“Frustr”) (GLMM: effect
of the Group CB-C on Frustr, X? = 1.68, p = 0.19; effect of the Group
ABC on Frustr, X3 = 2.12, p = 0.35). There was also no effect of either
Group CB-C or Group ABC on attentive state “Att” (LMM: effect of Group
CB-Con Att, X2 = 0.001, p = 0.98; effect of Group ABC on Att, X2 = 2.29,
p = 0.32).

In the reversal learning test (Test 2), there was no effect of Group CB-C
on Frustr (GLMM: effect of the Group CB-C on Frustr, X3 = 0.09, p =
0.77). However, there was an effect of Group ABC on this behaviour
(GLMM: effect of the Group ABC on Frustr, X3 = 7.40, p = 0.02). Further
post-hoc comparisons showed that more horses from Group B did show
frustration behaviours in this test compared to Group A horses (mean
proportion of horses showing frustration behaviour + SD: Group A, 0.40
+ 0.52; Group B, 0.78 + 0.44; GLMM: effect of Group A versus B on
Frustr, X2 = 7.76, p = 0.015), while there was no difference between
horses from Group A and C nor between horses from Group B and C in
this behaviour (mean proportion of horses showing frustration behav-
iour + SD: Group C, 0.50 + 0.51; GLMM: effect of Group A versus C on
Frustr, X% = 0.18, p = 1.0; effect of Group B versus C on Frustr, X% =
4.33, p = 0.12). Finally, there was no effect of either Group CB-C or
Group ABC on Att (LMM: effect of Group CB-C on Att, X2 = 1.58, p =
0.21; effect of Group ABC on attentive state, X2 = 3.33, p = 0.19).

In the detour learning test (Test 3), there was no effect of either Group
CB-C or Group ABC on Frustr (GLMM: effect of Group CB-C on Frustr, Xf
=0.091, p = 0.76; effect of Group ABC on Frustr, X2 = 0.39, p = 0.82).
There was also no effect of either Group CB-C or Group ABC on Att
(GLMM: effect of Group CB-C on Att, X? = 0.07, p = 0.79; effect of Group
ABC on Att, X% = 0.50, p = 0.78).

In the extinction test (Test 6), there was no effect of either Group CB-C
or Group ABC on Frustr (LMM: effect of Group CB-C on Frustr, X? = 2.60,
p = 0.11; effect of Group ABC on Frustr, X3 = 4.83, p = 0.09). There was
also no effect of either Group CB-C or Group ABC on Att (LMM: effect of
the Group CB-C on Att, X? = 0.23, p = 0.63; effect of the Group ABC on
Att, X2 = 2.75, p = 0.25).

3.2.3. Physiological measures

3.2.3.1. Cortisol. There was no difference in actual cortisol levels
(“Cort”) between groups CB and C (LMM: effect of Groups CB-C on
cortisol, Xf = 0.03, p = 0.87). However, there was an interaction effect
between the experimental part (Part 1 or 2; “Part”) and Group ABC on
Cort (LMM: interaction effect between Part and Group ABC on Cort, X3 =
8.56, p = 0.014). Post-hoc comparisons showed that Cort differed be-
tween Groups ABC after Part 1 (LMM: effect of Group ABC on Cort in
Part 1, X2 = 8.71, p = 0.03), but not after Part 2 (LMM: effect of Group
ABC on Cort in Part 2, X2 = 0.90, p = 1.00; Fig. 3). Further two-by-two
comparisons showed that during Part 1, Group A had a lower actual
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Fig. 3. Saliva cortisol values as a function of the crib-biting group. Saliva
cortisol level in crib-biters that did crib-bite (dark grey; N = 10 in Part 1 and N
= 12 in Part 2), crib-biters that did not crib-bite (light grey; N = 9 in Part 1 and
N = 7 in Part 2) and control horses (white; N = 18); box-and-whiskers plot (the
horizontal line shows the median, the box extends from the lower to the upper
quartile, and the whiskers to 1.5 * the interquartile range above the upper
quartile or below the lower quartile). The black dots indicate the means. Sig-
nificant differences between Phase are indicated as * p < 0.05. The lines show
the model estimates (middle line) and 95 % confidence intervals (upper and
lower dotted line).

cortisol value than Group B (effect of Group A versus B on Cort; LMM: X2
=11.012, p = 0.024), and than Group C (effect of Group A versus C on
Cort; LMM: X% = 12.55, p = 0.012). By contrast, Group B and Group C
did not differ (effect of Group B versus C on Cort; X2 = 5.75, p = 0.17;
Fig. 3).

3.2.3.2. Heart rate (HR). There was no effect of Group CB-C, nor of
Group ABC, on the average heart-rate (“HR”) value per test (LMM: effect
of Groups CB-C on HR, X? = 0.501, p = 0.48; effect of Groups ABC on
HR, X% = 2.05, p = 0.36).

3.2.3.3. Root mean square of successive inter-beat interval differences
(RMSSD). There was no effect of Group CB-C, nor of Group ABC, on the
average value of RMSSD per test (LMM: effect of Group CB-C on RMSSD,
X2 = 0.16, p = 0.69; effect of Groups ABC on HR, X2 = 1.72, p = 0.42).

For all the models, the effect of the fixed factors of interest and in-
teractions not mentioned above were not significant.

4. Discussion

In the current study, we investigated the learning abilities of a large
sample of horses, half of which showed a stereotypy (crib-biting
behaviour). The horses performed six spatial learning tasks, including
some that have been considered as challenging for stereotypic animals,
that is, reversal learning, detour and extinction (McBride et al., 2017).
Across experiments, all subjects (crib-biters and controls) improved
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their performance, with no between-group differences in learning.
However, within the stereotypic group, we found differences between
subjects that did or did not perform stereotypic behaviour. In particular,
a smaller proportion of crib-biters that did crib-bite showed behaviours
indicating frustration compared to those that did not crib-bite in the
reversal learning test. Accordingly, these horses had lower cortisol
values after the first experimental part compared to those that did not
crib-bite and controls. These results corroborate previous findings
(Briefer Freymond et al., 2015), which suggest that stereotypic behav-
iour is an adaptive strategy that enables a reduction of stress levels.

Our results did not show any difference in performance between
stereotypic and non-stereotypic horses. One explanation could be that
the learning tests we used (spatial learning tests) were not challenging
enough to result in any learning differences between our two groups.
Indeed, horses have been shown to excel in finding food sources using
spatial cues, suggesting that this might be an easy task for them (Martin
et al., 2006; Hothersall et al., 2010; Brubaker and Udell, 2016). Second,
in previous studies suggesting an effect of habit formation, horses had
been trained for longer (e.g. 40 trials), because the task was more
difficult for them to learn, compared to our study (Parker et al., 2008).
Such habit formation might have not occured within the limited number
of trials used in our study.

Another explanation for the absence of group differences in perfor-
mance in our study could be that the stress levels of stereotypic subjects
might have decreased resulting in a lower dependency on rewards after
executing stereotypic behaviour on the solid fence during the tests. This
could have, as a result, increased stereotypic subjects’ performance.
Indeed, there is a general consensus that, across species, cognitive per-
formances decrease with increasing levels of stress (Valenchon et al.,
2013). Similarly, learning under stress can negatively impact on sub-
sequent performance (in humans: Schwabe and Wolf, 2010), possibly
because stress acts as a distractor during encoding and, instead, favours
inflexible habit formation (Yin and Knowlton, 2006; McBride et al.,
2017). These results corroborate our previous findings (Briefer Frey-
mond et al., 2018), which suggest that allowing crib-biters to crib-bite
may improve their learning performance through a decrease in stress,
even in highly challenging tasks such as reversal learning based on vi-
sual cues.

The lower stress levels experienced by crib-biters in our study was
confirmed by our physiological analyses. Indeed, although our results
did not reveal any difference in cortisol between crib-biters and control
horses, crib-biters that did crib-bite had lower cortisol levels after the
first experimental part, indicating lower stress levels, than crib-biters
that did not crib-bite and even control horses. This suggests that crib-
biting functions as a coping strategy that helps horses to deal with
stressful (e.g. frustrating) situations (McBride and Cudderford, 2001;
Briefer Freymond et al., 2015) and to avoid further pathogenic outcomes
(Cabib and Puglisi-Allegra, 2012). This suggestion is strengthened by the
fact that a smaller proportion of crib-biters that did crib-bite showed
behaviours indicating frustration than crib-biters that did not crib-bite
in the reversal learning test. Stereotypic behaviour may therefore act
as a way to reduce stress and frustration and hence increase well-being
(Mason and Latham, 2004; Briefer Freymond et al., 2015). We suggest
that the absence of cortisol difference between crib-biters that did
crib-bite, crib-biters that did not crib-bite and controls after the second
experimental part could be due to the fact that the learning tests (Tests 4
—6) were followed by other tests aimed at investigating group differ-
ences in personality (Briefer Freymond et al., 2019), which likely
induced less frustration compared with the learning tests.

Why some crib-biters in our study refrained from showing stereo-
typic behaviour during frustrating situations is not clear. One possibility
is that these horses were at an earlier stage of stereotypy development
and, correspondingly, might not have had suffered from a clear dopa-
minergic dysfunction in some parts of the basal ganglia yet. Further
experimental studies are required to test this hypothesis, by exploring
the impact of preventing stereotypic behaviour to different degrees on
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stress parameters. Such parameters could include, for instance, sponta-
neous blink rate (Roberts et al., 2015), an indicator of dopamine
transmission and striatal functioning as well as of dopaminergic
component of sustained attention and fatigue in humans (Maffei and
Angrilli, 2018).

5. Conclusion

In this study, we did not find clear differences in learning capacities
between crib-biting and control horses during a battery of learning tests.
Our tests all involved spatial problems to solve, with limited training,
which might be more ecologically relevant for horses, and thus easier,
compared to paradigms used in previous studies (Hemmings et al., 2007;
Parker et al., 2008, 2009). In our study, all crib-biters had the possibility
to execute stereotypic behaviour during testing. Overall, we could sug-
gest that executing stereotypic behaviour lowered both stress (as
assessed by cortisol levels) and frustration, indicating that engaging in
stereotypic behaviour is a strategy to prevent stress, which might then
help crib-biters to better solve learning tasks. Our results therefore lead
us to recommend that, as previously suggested (Hausberger et al., 2007;
Briefer Freymond et al., 2018), stereotypic horses, and perhaps also
human showing stereotypic behaviours, may require specific training
adapted to their needs. Letting stereotypic individuals the possibility to
perform their stereotypy might be one specific feature to incorporate in
learning protocols, which might then allow these individuals to perform
successfully.
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